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ABSTRACT 

Weather influences. many aspects of agricultural production. It 
directly effects many physical operations in farming and significantly 
increases the realm of uncertainty, making farm decision making most 
complex. The speed and efficiency of harvesting cereal grains is very 
dependent on weather conditions. Because of the great fluctuations in 
weather, sizing machines and selecting best methods of harvesting are 
very difficult tasks. 

The primary objective of this investigation was to develop accurate 
models of presently accepted harvesting systems by incorporating the 
effects of weather, growing conditions and machine operation into the 
models. The complexity of climatic, biological and machine interactions 
during harvest was analyzed by using digital computer simulation models. 

The process of harvesting cereal grain consists of three basic 
events: 

a) grain maturation, 

b) grain threshing, and 

c) grain storage. 

The function of each step is regulated by certain operating conditions, 
processing rates and limiting conditions. The four harvesting systems 
used for simulation were: 
1) combining swathed grain moist, 
2) combining swathed grain dry, 
3) straight combining moist, and 
4) straight combining dry. 
To obtain simulation results for a wide range of farming situations, 


simulation runs were made using six various combine capacities on three 
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farm sizes in the Beaverlodge, Lacombe and Lethbridge areas of Alberta. 
Each simulation generated yearly distributions for: total harvest days, 
maturation days, bad harvest days, bushels lost, dry and moist bushels 
harvested and the cost of drying or chemical treatment of the moist 
grain. Determination of optimal combination of subsystems was not 
considered because of the large number of combinations involved and the 
lack of economic data relating to many harvesting operations. 

The results of the simulations substantiated the logical assumptions 
that combine capacity and acreage effect harvest completion ere arene 
and that moist grain harvesting systems would be completed before dry 
harvesting systems. However, moist systems did not appear to be 
competitive unless acreages were sufficiently large to effect chances of 
completion or where the opportunity costs of a longer harvest period 
outweighted the cost of handling moist grain. Results also indicated 
that moist grain systems might be considered favorably where the farming 
operations include feeding some or all of the grain harvested. This was 
especially true in northern areas of the province where the harvest season 
is short and cold night air makes natural air chilling feasible. 

A hypothetical farming situation was used to demonstrate the cap- 


ability of simulation as an aid to management decisions. 
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VT. “INTRODUCTION AND. OBJECTIVES 

Weather influences many aspects of agricultural production. It 
directly affects many physical operations in farming and thus may 
restrict the time available and the. efficiency of specific tasks. 
Weather “atchacvesss are not only restricted to agriculture, but also 
influence the operations of other industries such as the construction 
and building trades. Weather variations also,.affect the biological 
environment which in turn may indirectly influence the operations of 
related industries. Such is the case in agriculture where weather 
Significantly increases the realm of uncertainty and makes decision 
making very complex. 

Of the various farming operations, harvesting might be considered 
the last link in the production chain from which revenues are 
realized. The speed and efficiency of harvesting is very dependent on 
weather conditions. Because of the great fluctuations in weather, 
Sizing machines and selecting best methods of harvesting are very 
dirricult tasks. 

The objectives of this investigation are: 

(1) to develop accurate models of presently accepted cereal 

grain harvesting systems; 

(2) to incorporate weather influences in these models 3 

(3) to perform a comparative evaluation of these harvesting 

systems using specific criteria; 

(4) to suggest a possible "best alternative" based on the 

results of the evaluation; and 

(5) to suggest possible areas where further investigations 


may decrease the uncertainty of many farm decisions. 
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2. LITERATURE REVIEW 

McCal1(57) in 1926 stated that "In the readjustment of agriculture 
through which we are passing, it is universally recognized that the © 
reduction of operating costs is of prime importance. Aside from 
increased price or increased marketing efficiency, it is obvious that 
lower costs will at least partially mariah the discrepancy which exists 
between income and expense in crop production". 
Peal History of the Combine-Harvester and Windrower 

One of the major areas of crop production where great progress: has 
been made is in harvesting and in particular the combined harvester- 
thresher. MacGregor(52) outlined the early history of such machines. 
The U.S. Patent Office lists a patent covering a combined harvester- 
thresher as early as 1828. These pioneers were attempting to introduce 
not only a new harvesting machine but a new harvesting method. It was 
not until the 1870's in California that interest in these machines was 
renewed. However, acceptance of the 'combine'* was slow until World 
War I, but following their introduction into Kansas, its use spread 
rapidly into all areas of North America where cereal crops were grown 
(5, 6, 26, 36, 58, 59, 80). 

In the early years of combine use, there was much discussion about 
the ‘advantages: and disadvantages of such: a‘machine (6, 26; 28, 31, 39,.52, 57). 
The greatest advantages cited were speed and low cost per acre. The 
machine's unsatisfactory handling of unevenly ripened fields, green weeds, 


and damp grain limited its widespread acceptance. 


* Over years of usage, the.term 'combine' has replaced the original 


description of 'combined harvester-thresher’. 
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Later developments of the. combine were primarily concerned with 
increasing its efficiency, durability and flexibility. These factors, 
accompanied by better farming practices and grain varieties, have lead 
to the universal acceptance of the. combine as the most satisfactory 
means of harvesting cereal crops. 

The development of the windrower was coincidental with the advent 
of the combine(55). Many authors reported (33, 36, 55, 56,73) 
that the windrower provided the answer to problems of green weeds, 
insects, rain, early frost and lack of uniformity of grain maturity 
that hampered users of the combine. Since the tendency of the farmer to 
wait until uniformity of ripening was achieved decreased the advantages 
of the windrower, straight combining gradually replaced the need for 
windrowing as a necessary step in the harvest procedure. By the 1930's, 
windrowing was almost forgotten(21). 

Severe infestations of the wheat stem sawtly, Trachlus tabidus, 
later posed a threat to the practice of straight combining. An 
investigation at Swift Current Research Station in 1943 (21) revealed 
that the windrower could be used to avoid damage by this insect by cutting 
the grain slightly green and have conditioning occur in the windrow. As 
a result of this report, windrowing became an accepted practice. In spite 
of the fact that sawfly-resistant spring wheat varieties have been 
developed, straight combining has not become re-established. 

PARP. eran Storage 

The prime function of grain storage facilities is to maintain the 
Pevain ita suitable condition forsarperiiod of time. The Jeng theoreche 
storage period involved’ on the farm will vary widely depending upon 


needs and circumstances. To achieve safe storage, grain must be protected 
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from the detrimental action of micro-organisms and moulds. The growth 
of harmful organisms (insect, Pees erbniade and bacteria) that attack 
storaged grain may be reduced or inhibited by controlling the factors 
essential to their development, that 1a. by controlling the available 
moisture, oxygen and temperature in the grain (45) or by treating the 
grain with organic acids. 
Pg Vidal Moisture 

Growth of harmful organisms can be prevented by reducing the 
moisture content of the grain. A figure of 13 - 14% is generally 
regarded as suitable for safe bulk storage (10)*. Most grain storage 
systems in the Prairie Provinces consist of dry grain storage facilities. 
2m 2 Temperature 

Insect growth is retarded at temperatures less than 60°F. To 
control moulds, bacteria, and mites, temperatures must be lower and 
depend upon the moisture content of the grain. For moisture contents 
below 20 - 22%, chilling temperatures of Spottt 40°F are necessary. At 
higher moisture levels, temperatures near freezing are needed for 
control (45).” Chilling of moist grain by refrigeration to prevent 
spoilage of damp grain is a relatively common practice in the United 
Kingdom (12,64). 
Zales Oxygen 

Growth of harmful organisms in stored grain may be controlled by 


exclusion of oxygen (15,44). Airtight storage systems have been developed to 


* Moisture content values presented in this thesis are stated on a 


wet basis. 
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make use of this principle... Grain stored by this method undergoes 
partial fermentation and is consequently only suitable for livestock 
feed. There are several storage systems of this type available in the 
Prairie Provinces and are used by some cattle feeding operations. 
2.2.4 Organic Acid Treatment 
Recent research has shown that spraying the grain with small 
quantities of a liquid organic acid provides a practical, non-toxic, 
and economical means of preservation (41). Proprionic acid currently 
is rated as the most useful for this purpose. In this process, the 
biocidal properties of the lower fatty acids are used to sterilize the 
grain and eliminate the growth of micro-organisms. Treated grain may 
be removed from storage and ground or rolled without reducing the 
effectiveness of the preservation because the acid is retained by the 
grain. The organic acids used may also contribute to the nutritive 
requirements of the livestock consuming the treated grain. This acid 
treatment cannot be applied to seed grain or to grain destined for 
human consumption. 
On the basis of the above mentioned principles, the agricultural 
industry has developed four methods of safe grain storage: 
GL) dry grain storage 
(2) chilled or refrigerated grain storage 
(3) sealed or airtight grain storage 
(4) chemically treated grain storage. 
D6 Operations Research and Systems Engineering 
In an attempt to aid the farmer in his decision making processes, 
researchers have attempted to apply operations research and systems 


engineering techniques developed for business production and management 
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to agricultural problems. 

The field of operations research has been mainly concerned with 
integrating a variety of research efforts which arise from the pure and 
applied sciences and evolving a ‘whole’ solution which satisfies each 
problem area(40). However, operations research has changed its character 
somewhat and has become less devoted to solving operational problems 
and more concerned with developing techniques to solve problems of 
general interest (43). The void left by this shift in emphasis has been 
filled by systems engineering researchers who also have been developing 
and applying techniques for solving operational and management problems. 
For the purpose of this study, both disciplines will be treated as an 
entity. 

All applications of operations research techniques start with the 
presumption of a problem around which an analytical model may be 
developed. The characteristic model is organized more or less to 
simulate the decision-makers environment and described in terms applicable 
to the operations research technique used. 

The problem and the decision-maker are part of a system. A system 
may be defined as "A collection of interacting diverse functional units 
such as biological, human, machine, information, and natural elements, 
integrated with the environment to achieve a common desired objective 
by manipulation and control of material, information, energy, and 
life" (14). The term 'system' emphasizes that an overall Rae eee 
process is under consideration rather than a collection of pieces (27). 

A systems approach to the problem is an effective method for 
gaining knowledge of the variables and understanding their 


interrelationships (79). This approach basically consists of determining 





all the variables that effect the function of each unit or sub-system 
of the main system, then. combining these parts into a model that will 
give an accurate description of the system in question. 

Many techniques have been. developed by operations researchers to 
aid in solving farm management problems. Most of these are mentioned 
by Hutton (43) in an extensive critical review of their applications. 
The areas of operations research most applicable to agriculture are: 

(a) Mathematical programming 

(b) Network analysis 

Ce)” “Simulation. 

Paes Mathematical Programming 

Mathematical programming methods include linear, stochastic, 
integer, quadratic, separable, and dynamic programming. MacHardy (53), 
Anderson ( 1), and Russell (71) used mathematical programming to 
solve minimum cost machinery combinations. Stapleton and Barnes (75) 
used linear programming to optimize profit of a cotton producer by 
considering a balance of machinery, labor, price, yield,and harvesting 
penalties. Burt (11) used dynamic programming to determine optimum 
replacement for buildings and machinery under conditions of chance of 
failure or loss. Chou and Heady (13) applied integer programming for 
treatment of 'lumpy' supplies of inputs found in the operations of a 
dairy farm. 

Paap ohe ee Network Analysis 

Another type of operations research techniques that has been 
applied to agriculture is network analysis. Link (50) made use of the © 
methods characteristic of 'Critical Path Method' (CPM) and 'Program 


Evaluation and Review Technique' (PERT) for analysing farm machinery 
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systems. This systematic approach of linking units of machinery and 
their activities in a sequential pattern or network has been used by 
Link. (50 ), Von Bargen (79), Preston (68), and Hunt (42.) to reveal the 
shortest or least cost alternative of machinery size or farming method. 

Link and Bockhop (49 ) developed. a network for farm machinery 
scheduling which was used by Link (48) to determine farm size for the 
optimum use of a given set of machines. Preston (68) developed a 
procedure called 'Shortest Path Network Analysis' (SPNA) similar to CPM, 
but in which the network is processed in reverse. He used this procedure 
to evaluate alternative irrigation methods. 
IRS Simulation Techniques 

Merling i(s7 ) states, that ."“By simulation is meant the technique of 
setting up a stochastic model of a real situation and then performing 
sampling experiments upon the model". This approach has not been refined 
as quickly as other operations research techniques because of the 
stochastic nature of the model and computer programming limitations. 
Simulation of games of war have been used extensively for training mili- 
tary personnel (81,30). Orcutt (66) suggested that simulation was the 
only satisfactory approach for studying dynamic systems and applied this 
method to some simple economic systems. MacHardy (54) and Russell (71) 
used a type of simulation to incorporate the probabilistic nature of 
weather influences into a program for sizing farm machines. Hunt (42) 
developed a series of mathematical equations to simulate interactions of 
variables in another approach to farm machinery selection. Alternative 
forage harvesting methods were simulated and evaluated by Van Bargen (79). 
Halter and Dean (35) applied simulation to a large ranch operation to 


evaluate present management policies under uncertainty of weather and 
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prices. Donaldson (25) carried out an extensive study of grain 
Narvestingsin Great Britain using Simulation tovassess ‘the effect’ of 
WOGO™ years’ Vor synthetic harvesting weather. on decisions of combine 
size and farm size. 

Halter and Dean (35) state that "Simulation is a promising tool 
of analysis, particularly if wcertainty characterizes the decision 
making environment and a large number of time related interrelationships 


among variables exists". This optimism was also expressed by others 


(eqeer708e 1/6682). 
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10 
3. CHOOSING A MODEL 

The characteristic model is organised to include the decision- 
makers environment and described in terms most applicable to the operation. 
technique used. 

Orcutt (66) states that "In using conventional mathematical techniques 
to solve a model, the objective is to determine deductively and with 
generality the way in which the model implicitly rates endogenous variables 
to initial conditions, parameters and time paths of exogenous variables". 
In agriculture, it is far more difficult to recognize and measure the 
essential variables, and, wntil this can be done, it will not be possible 
to develop mathematical models of the processes. which are necessary for 
an effective systematic approach to agricultural problems (14). 
ies ean Simulation can be used to solve a model. By simulation is 
meant the development of a stochastic model of a real situation and 
observing its reaction to changes of the variables. The design of a 
stochastic model involves the use of frequency or probability distributions 
of raw data and the best theoretical fit that can be obtained by their 
distributions (37>). 

Probability distributions describe both the lack of predictability 
of any given event and the general predictability of a population of 
events. In this way, events which occur beyond the limits of knowledge or 
the control of the participants may be used in the simulation model. 

Sampling of these distributions is often done by Monte Carlo 
techniques (61). This method uses random number sequences to choose 
varying parameter values from their respective distributions. The simulation 
model. uses these values to obtain a solution. New values. are picked for 


each simulation run. By simulating a great number of combinations of 
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11 
parameter values, a general predictable solution can be obtained. 

The. complexity of climatic, biological and machine interactions 
during the harvesting phase of.cereal crop production may best be 
analyzed by using simulation techniques. The abilities of distribution 
functions to equate past situations and to absorb areas of limited 
knowledge are realized by model simulation. Simulation has an advantage 
over other prediction methods because of the inherent opportunity for 
progressive development as more information about the real system becomes 
available. The structuring and interpretation of the system model for 
Simulation does not usually require advanced mathematical background. 
The mechanics of simulation procedures make simulation well suited for 
analysis of time-dependent systems. Because various parameters may be 
manipulated directly, simulation offers an advantage of versatility of 
combinations. The treatment of parameters by simulation models accounts 
for the variability of conditions, but the output information offers no 
optimal solution and serves only to test alternative solutions described 
by the analyst. This information may not justify the expense of 
programming and collection of large amounts of input data required by 


Simulation techniques. 
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The process of harvesting cereal grains consists of three basic 
events: 
wean Grain Maturation 

Maturation or ripening of cereal grain is indicated by the gradual 
yellowing of the straw and hardening of the grain kernel. These changes 
are the result of decreasing moisture levels in the straw and grain. 
The grain kernel reaches physiological maturity at a moisture content of 
approximately 35%. At this time, grain may be windrowed without any 
Significant decrease in yield and bushel weight (17). The rate at which 
drying occurs after this stage will depend on environmental conditions. 
Standing grain may take from 3 - 5 days longer to decrease moisture levels 
to 14% than grain that has been windrowed (23 ). 
4.2 Grain Threshing 

During threshing, the grain kernels are separated from the grain 
plant and collected for transport to storage. The time of threshing is 
dependent on the maturity of the grain kernel. The efficiency with which 
the grain is separated from the plant depends on the moisture content of 
the grain kernel and the straw and the proper adjustment of the threshing 
and separating mechanisms of the combine. The rate at which the grain 
crop is harvested is limited by the physical capacity of the combine 
and its efficiency. 
4.3 Grain Storage 

If the harvested grain cannot be disposed of immediately, storage 
facilities must be available.. There are several types of storage 
systems available for cereal grains depending on the condition of the © 


grain harvested. Moist grain requires more elaborate storage systems 
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and/or,better management to:insure safe storage. If such conditions are 
not available the grain should. .be harvested in a dry condition. 

There are several combinations of methods and equipment that bring 
these events together. These. alternatives can easily be described by a 


Simple network diagram as given in Figure l. 
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9. SYSTEM ENVIRONMENT 

The effectiveness of these alternative combinations depends greatly 
on the environmental conditions in which these systems function. 

Geographical location and day-to-day variations in the weather 
affect the quality and duration of the growing season, resulting in 
variations of grain maturity and commencement of the harvesting operations. 
Weather conditions during the harvest period affect the speed at which 
harvesting can be completed. Further, the harvest season will be terminated 
by continuous unsatisfactory harvesting weather. 

Conditions of the market, lack of capital, personal preference and 
risk preference can influence the acceptability of each alternative 
harvesting method. Seed and milling grains require higher quality standards 
than feed grains. 

The ability of the farm operator, the size of the farm and its machine 
capacity will determine which harvesting methods can be completed in the 


time allowed by the weather conditions. 
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6. INTRODUCTION OF THE SYSTEM MODELS 
The. previously illustrated.network diagram can be separated into 
four alternative systems. These four networks are initiated at similar 
grain moisture conditions and terminate when the grain is in storage. 
The starting point tof ainetwork is the earliest stage of maturity ‘at 
which cereal grain can be windrowed without loss of yield or bushel 


weight. If maturity is measured. by kernel moisture content, this point 


occurs at 35% for wheat and oats and 40% for barley ( 17,18,19). A moisture 


level of 35% has been chosen for the networks used in this study. 



















Combine Grain 
eae 


Bin Storage 
(dry ) 


Standing Grain 
at 35% 


Figure 2. Straight combine sequence (dry). 














Swathed Grain 
at 35% 






Standing Grain 
at 35% 






Combine Grain 
at 14% 


Bin Storage 
(dry) 


Figure 3, Combine swath sequence (dry). 


Figure 2 and 3 represent common harvesting systems in Alberta. They 


both depend on weather conditions capable of drying either the swath or 
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the standing grain to a kernel moisture level low enough to insure safe 
Storage, 1.25 14%. 

Harvesting sequences represented by Figure 4 and 5 are not common 
harvesting systems in Alberta. However, they are common in countries 
with moist climates such as the British Isles and parts of the U.S.A. 
By harvesting grain at higher moisture levels, the effects of adverse. 
weather are lessened to some extent. Johnson (46) and Arnold (2 ) 
Suggest that modern combines are capable of threshing grain with moisture 
levels up to 25% without excessive grain loss and that optimal performance 


occurs between 17% and 22%. 















Standing Grain 
at 35% 


Dry Grain 
to 14% 
Pe 
Chemically 
reat ed Green Chilled Storage 
(moist) 


Airtight Storage 
(moist) 


Swathed Grain Combine Grain 
at 35% at >14% 





Figure 4. Combine swath sequence (moist). 


Dry Grain 
to 14% 











Bin Storage 





Combine Grain 
at >14% 






Chemically 
Treated Grain 





Standing Grain 
at 35% 








Chilled Storage 
(moist) 


Airtight Storage 
(moist) 


Figure 5, Straight combine sequence (moist). 


Programming of the four harvesting systems in this study was carried 
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72 7 PARAMETERS OF ‘THE MODELS 

Simulation techniques, being a relatively new approach to solving 
farm management problems, suffer from lack of proven variable 
interrelationships and recorded. data. In order to develop a satisfactory 
model, some relationships in the simulations are made by logical 
assumption and others by observations of limited data. These relation- 
ships are treated by probability functions or are assumed to be constant. 
Tisak Farm Location 

The distance between Northern and Southern Alberta farming areas 
emphasizes the assumption that climatic effects on farming operations in 
various regions of the province probably will be different. While 
considering the time required for simulations and the availability of 
data, three areas were chosen. Beaverlodge, Lacombe and Lethbridge were 
used to represent Northern, Central and Southern Alberta respectively. 
Pez Farm Size 

For the results of simulation to be more meaningful, three farm 
sizes were chosen for each district. In accordance with most farming 
practice, part of the total cultivated acreage is left fallow each year. 
A production cost study (67) in 1961-63 recorded that approximately 70% 
of the total cultivated acreage was seeded to grain in the Peace River 
and Red Deer districts while 50% was seeded in the Lethbridge district. 
Table 1 gives the average cultivated acreage and average yearly grain 
acreage for each area as recorded by the Alberta Department of 


Agriculture (47) in 1966. 


















> 
a etre co 

weivéed 67. neers Ho" CNV hives © sated - maga? 
ens — oy To ki Sere Sorin Toate) 
wetateites... &* < 2 ; # eree Get eute lire o9 


feateas 2 ; we LILO ie see? Ws SG i snail 4a 
> 


fii TALe*y Sa*' ; int! So lengscrriaee pee 1 Fal: tien eeasicn 


« DPV AD oa ihe > ‘ ; ; - = ad aqhde 


iii 4 \ ihtice the Wide eet 
»ffene io: Sh) misoeiese dy rae? qe. 
' eee eae ee ean ue 

vols Tat vupor arm, ae >= beeen, et 

aty p i ' yas ' oail- AT tes sea aed. 7 | 


- eet tae aii 
12k eae? ¢.% 


efw OsfmIeS?! , saveb acee* * see 


.Ebot re ; . - » be ett ia Yo pair ——— 
Cy os 7 
’ 


PY 7.2% Te OA ive it  Baiente J Loe : \ ‘) Po DU .J8e “yl oi a 


 GQurss [ager ities tama “te 
ew (oc afttw eetuitelh weal bia 








ee! aoe | 
. he 
eyed er cae ape, a 


oe 


20 


TABLE 1: CULTIVATED ACREAGES USED IN SIMULATION MODELS. 








Location Cultivated Acreages Cropped Acreages/Year 
Beaverlodge 400. ° 280 
640: 450 
1145: 1000 
Lacombe — 340 240 
600 420 
1150 1000 
Lethbridge 520 260 
1020 510 
1600 800 
15S) Harvesting Dates 


The date of spring seeding and the fluctuating weather conditions 
of the growing season influence the date at which the grain will reach 
Maturity. To account for the fluctuating dates of grain maturity, 
probability distributions of harvest starting dates were used in the 
simulation models. Canada Department of Agriculture data provided a 
distribution for the Beaverlodge area (34). Distributions for Lacombe 
and Lethbridge were determined from estimates of a longtime farmer of 
each area (16,78). 

Termination of harvesting operations may occur because of 
continuous unsatisfactory weather. Termination dates were determined 
arbitrarily from observations of weather records. The criterion 


used was defined by. any precipitation which occured immediately before 
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or during periods of continuous below freezing average daily 
temperatures. 

The distributions of Figure 6 are the average starting and 
terminating dates for the areas and do not include individual cases 


which may appear outside the range of fluctuation. 


Beaverlodge ST ae 
Lacombe = RE = 
Lethbridge ae an 


July Aug. Sept. Oct. Nov. Dec. 


Figure 6. Harvest starting and termination dates. 


7.4 Weather Conditions 

The functioning of the simulation model requires daily determination 
of moisture change in the grain plant. The first attempt to simulate 
weather and its associated moisture change proved to be unsatisfactory 
and is discussed in a later section. 

Plant maturation studies (22,23) have indicated that rate of moisture 
loss varies considerably with changes in weather and the time of year. To 
account for variation in the rate of moisture change, distribution functions 
were estimated for the months of August, September, October and November and 
are shown in Table 2. These rates are used for all three areas. Because 
of the differences in harvest starting dates, the average drying rate will 


be greater for the Lethbridge area than for the Beaverlodge area. This 


is not considered unrealistic. | 
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TABLE 2: ESTIMATED DAILY DRYING.RATES OF STANDING WHEAT. 








Month. . ; Mean Drying Rate. Range of Drying 
August . 4. 2US =O 9.00 6CO. LO. 5 
September 3/56 ie i er ly 
October 2.66% =o Ot Oro O50 
November 1.90% -18.00 to 22.060 
15 Yield of Grain 


Variation in yield will occur from district to district and from 
year to year. Average yields (51) for the years 1960-66 are given in 
Table 3. These census division averages tend to underestimate the amount 


of variation observed for an individual farm. Range of yields published 


from a survey taken in 1961-63 (67) were used to increase the variance 


Sf the distribution functions. 


TABLES: YIELD DISTRIBUTIONS OF WHEAT. 


Location Mean Yield (bu/ac) Range 

Beaverlodge 2 INOS S1ae) 
Lacombe 28.1 8.3-50.5 
Lethbridge | 22.8 Fase 
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Ths Storage of Grain 
Tighe Dry Storage 

Storing grain in a dry condition is a popular method on the 
Prairies. Materials handling engineers have developed plans for a 
large and varied selection of dry grain handling and storage systems. 
The value of a particular system to the farming operation is best 
determined by the individual since different systems vary in capital 
costs, PlextpDLlt.y,, acer wena and @fftuctency. Only the cost of 
storing the grain has been considered in evaluating the different 
harvesting procedures. Cost of storage must consider economies of 
scale -(/7). 


TABLE 4: ESTIMATED DRY GRAIN STORAGE COST, 


Capacity (bu) Cost (¢/bu/yr)* 
1,000 2.5 
2,000 2.25 
3,000 1.90 
5,000 | 1.50 
24 000 1.40 


% Calculated using building life of 20 years for a steel bin. 


Tess ee Aerated, Chilled and Refrigerated Storage 

Aeration of stored grain is common in the United States. It is 
Usedeto cool) the center of grain bins and) thereby prevent moisture 
migration. Both in the United States (74) and in Europe (3,12) 


refrigeration equipment has been combined with aeration equipment to 
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Pormitezrain tos encocled quickly to; prevent spoilases., The:-fact that 
fallvand winter Pe re re Tart vel cool on the. Prairies 
prompted Moysey (63) to investigate the possibility of replacing the 
costly refrigeration unit with natural air cooling. He concluded that 
in northern parts of the prairies, natural air could be used for cooling 
atten. the first week in September. Although his investigation only 
dealt with the Saskatoon area, his approach could be applied to other 
aneaspore the Prairies —)lhesnumber of cooling hours available, grain 
moisture content, and the capacity of the aeration system would determine 
the possible use of this method in such areas. Dry bin storage can easily 
be converted to an aeration system by the addition of air ducts anda 
fan. Chilled grain would have to be dried or fed before warm weather 
arrives to prevent spoilage. 
VAS ee) Airtight Storage 

Airtight storage facilities have been available for a number of 
years but the high initial investment has limited their acceptance on 
the Prairies. Moist grain can be stored safely in such structures but 
can only be used for feeding purposes upon removal. The various types 
of airtight storage cyan vary in capital and maintenance costs. 
The economic feasibility of this method of storage will depend on the 


type and size of the farming operation. 








Ye | ‘ Oe 
pate had att sehthie mating o. ssi SO Wl 
lake? wir no Love ale 7 IE ORT, 

gu tinker. 2 (rt sald ay eee tear at es ee 


jac? hahelofo? el ‘Biers ~ 96 Sa -WIea A A. 180 mise 


onl foi “ei beer edubtice wit Lams g an: Baga dilrG ah! 3) AU a . 
Cs 7] 


wid jee ans 
jee . , : | sehiads 33 Gain L ge be! ott a aeeee, 
anlar n . ; ry eyem. eit You doy geo poe as oma aarpetalie " 
| - uit ie co Miaieeg | f 
‘d oye nl aee GE gs vey reve get x 
binow otemg (eee cad yh 
oul IGen 7 hay wr, oF cay Bena | 
ight = neat Z 7 

i 





> - ‘a ec i - : y ty ' “ 1 a 3 a Spa %. rag ey Sear a 7 | 
(3, 8F oa tan 2 aroore’ DRttial cet ei See 


ear F ; 5 = i? ' phy? ae 4 ty «© At ee btdedtt ot? j - 


2G ¥; G wes . ; sat J Lay i, “Be FS y' 3 ‘ : i on bil oi yin os J 
BS - 





22 


TABLE 5: ESTIMATED COSTS OF TWO SEALED STORAGE SYSTEMS. 





Butyl Products Limited* 


Capacity of storage unit - 2200 bu 2), 5900 Du 


Cost of butyl rubber bag $1200 $12,000 
Estimated bag life 7 years 
Estimated cost/bu/yr Ike 6.2¢- 


Harvestore Feeding Systems** 


Capacity of storage unit 7400 bu 25,000 .Du 
Cost of glass-lined steel 

tower silo $13,100 $37,000 
Depreciation life . 20 years 

Estimated cost/bu/yr 35.06 Uo ees 





ote 
“7 


Canadian Distributor, Cooper Division of Agropharm Ltd., Lasalle, P.Q. 


w* ALBERTA HARVESTORE Feeding Systems Ltd., Edmonton, Alberta 


fist! Moist Grain Treatments 

Moist grain can be prepared for storage by reducing its moisture 
content to a safe storage level or by treating grain with an organic acid 
prior to storage. 
eed ol. Grain Drying 

There are several methods for drying damp grain. The use of natural 
air for in-storage drying provides an eee system which is capable 
of drying several thousand bushels. The success of such a system will 
depend on the amount of moisture to be removed, the rate of moisture 
removal, and the climate during the dry ing period. Such a method was 
investigated by Moysey and Wilde (62). With the addition of small amounts 
of heat to the aeration system, the effects of adverse climate on drying 
Cane beanwlali fredi(38) 


Other methods of grain drying. include the batch and continuous flow 
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driers. These consist of large heated air machines that dry small 
quantities of grain relatively quickly. Such machines are expensive 
and incur higher operating costs than in-storage drying systems. 
However, Since each method has its advantages and disadvantages, their 
value will depend on the individual farm operation. The in-storage 
drying system is included in the simulation models outlined in this 
present study. The approximate cost of drying grain at various moisture 
levels ( 29) is given in Table 6. 


TABLE 6.8 BSTIMATED COSTS OF IN-STORAGE DRYING OF WHEAT, 





Moisture Content (%) Rostacc/pu) 
14 0 
16 4 
18 8 
20 Ve 
Po 16 
25 22 
ihe. Chemical Treatment 


A relatively new approach to damp grain storage is the use of 
chemical treatments. Costs and rates of application of such a treatment 
as calculated by the manufacturer of one commercially available product* 


are listed in table 7. 


* Chemstor, manufactured by Chemcel Ltd. , Edmonton, Alberta. 
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TABLE 7: CHEMICAL TREATMENT COSTS. AND. APPLICATION RATES FOR MOIST 
GRAIN STORAGE. . 








Moisture Content (%) ‘Rate (l1b/bu) Cost Ce/bu) 
dS eho & bey 
16 (ou 6.3 
7 Sree) 6.6 
18 -40 TEs) 
19 43 8.2 
20 »45 8.6 
221) 48 Ore! 
22 - 90 9505 
23 HoH) 10.5 
24 O08 ibis @) 
25 | .60 aan 

es Harvesting Penalties 


During the course of the harvest season, certain physical and 
economic losses or penalties may be incurred. These are separated into 
three main groups. 
Ueecicat Grain Losses 

Dodds (20) classified grain losses into two types; (a) natural loss 
and (b) mechanical loss. Natural loss may be caused by wind, rain, insects, 
birds, and animals and is affected by the shattering character of the 
wheat variety. Mechanical loss was further divided into reel and cutterbar 


losses, pick-up losses and threshing losses. 
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Natural, reel and cutterbar losses increase as the standing grain 


matures , natural loss being the largest single grain loss in the field 


during harvest. Pick-up losses in swathed grain appeared relatively 


constant throughout the moisture range (Figure 7 ). Johnson (46), 
concluded that it is possible, with proper machine adjustment, to 
thresh grain up to 25% moisture content while maintaining an acceptable 


level of 1 threshing loss. Dodds (20) also concluded that threshing 


and separating loss was negligible when considering the other losses. 
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Pigure. 7.9) irends of natural and mechanical losses of wheat when 
harvested at different stages of maturity. 


Natural loss of standing grain will continue to accumulate until 
the grain is harvested. Johnson (46) observed that with each day delay 
there was approximately 12 lb/acre less grain available for harvesting. 
Observations made by Dodds (24) at Swift Current seem to indicate that 


this loss is not proportional to yield. A grain loss of 10 lb/acre/day 


after the 14% moisture level has been reached is used for the simulation 
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models in this study. Values presented.in Figure. 7 are used for the 
othem. losses’. 

Too oun Losses Due to Weathering 
There has been very little work done on changes in grain quality 
due to weathering. Johnson (46) suggested a delay in grain harvesting 
will result in a test weight loss of about 0.23 lb/bu/day. Although 
there was a slight loss in dry matter, most of the test weight reduction 
was due to alternate wetting and drying which wrinkled the bran and 
resulted in poor packing of the kernels. Other quality tests concerning 
germination and baking seemed unaffected. Johnson concluded that the 
time mature grain stands in the field does not significantly alter the 
quality as long as grain is handled properly during and after harvest. 
The Canada Grain Act (60) grades the quality of wheat according to: 

1) weight per measured bushel 

2) % by weight of hard vitreous kernels 

3) degree of soundness 

4) amount of foreign material present. 
Although the minimum and maximum levels for each requirement are specified, 
much of the assessment is done by visual appraisal. It is normally 
assumed that the variation in wheat grades is a result of the quality of 
the growing and harvest seasons and the effectiveness of the operation of 
the combine. However, Little research has been done to quantitatively 
substantiate this assumption. Change in wheat grade during the harvest 
season, therefore, is not included .as a harvesting penalty by the — 


simulation model. 
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ihorsieas! Penalties for Incomplete Harvest. 
7.8.3.1 Over-winter Loss 

The Serer: of leaving the grain over winter will be 100% loss 
for standing grain and approximately 10%-30% (7) loss for swathed grain. 
‘This loss will depend on the winter conditions and the degree of rodent 
infestation. Swaths made from a good stand of grain usually survive the 
winter better than swaths from a thin Crop. further loss may result from 
early sprouting, parts of the field lying under water, and the greater 
difficulty in picking up the swath during spring harvest. Individual 
observation of grain loss may exceed the range suggested. 
(aoe see LOSstROppoptunity 

The presence of unthreshed grain in the field eliminates the 
opportunity for consequent farming operations such as cultivation and 
fall fertilizer applications. If livestock are included in the farm 
enterprise, fall grazing and retrieval of the straw is lost. These 
considerations may be important to the individual operation but have been 
omitted from the models because of difficulties in’ establishing economic 
Values. 
Thess. Working Hours 

The number of hours available for combining each day depends on 
weather conditions, mechanical breakdowns and available labor. The 
diurnal fluctuations of temperature, humidity, and other weather 
characteristics limit combining dry grain to hours of the aE when 
conditions are favorable. This daily variation in combining hours has 
been estimated monthly and treated by probability functions in the 


simulation models (Table 8). 
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TABLE 8: ESTIMATED MONTHLY VARIATIONS. IN COMBINING HOURS PER DAY. 








Month Mean Hours Available Range Average Day Length 
Dry Moist 

August 10 Lo +4 14.8 

September 8 Ly +4 AS) 

October Ome 9 +4 ile ©) 


November yy y +4 Jo 7/ 


Combining damp grain is not greatly affected by the diurnal fluctuation 
in weather’ conditions, consequently more time will be available for 
combining each day. 

There are no provisions made in the programming of the systems to 
include harvesting conditions where both dry and moist grain would be 
combined during the same day. In order to meet this requirement, hourly 
calculations would be needed. The type of information required for 
hourly simulations is not presently available. 

Thea) Combining Capacity 

The rate at which grain can be threshed will depend on the level 
of grain loss which the farmer is willing to accept. This is usually 
about 3% of the yield or 1 bushel per acre. The largest proportion of 
this loss occurs over the straw walkers; shoe and cylinder losses 
account for the remaining threshing losses (65). | 

Feed rates and grain/straw weight ratios are the two major factors 
affecting grain threshing losses. Figures 8, 9, and 10 


indicate the relationships between these variables. 
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AMS-10 
EFFECT OF FEED RATE ON WALKER LOSS 
Wheat-35 bus./acre(ThreeGrain/Straw Ratios} 
loss = 5.33 x 107" (feed rate) ?°% 
grain/straw = 0.84 
7.64x 107° (feed rate) 
grain/straw = 1.04 
= 5,45x 107 (feed r 
grain/straw = 


AMS-10 
HUSKY BARLEY - 50 bus./acre 
(Grain/Straw - 1.25) 


cylinder loss = 
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FEED RATE - Pounds/Minute Straw and Chaff 





FEED RATE - Pounds/Minute Straw and Chaff 





Figure 8. Distribution of losses Figure 9. Effect of 3 grain/straw 


for a standard combine in a crop ratios on walker loss of the 
of barley. standard combine. 





AMS-10y EFFECT OF GRAIN/STRAW RATIO 
ON WALKER LOSS AT VARIOUS: . 













feed rate = 
100 lbs, /min. 


=a 








FREE GRAIN.LOSS OVER WALKER - Per Cent Yield 





GRAIN/STRAW RATIO 






Figure 10. Effect of grain/straw 
ratios on walker loss of the — 
standard combine. (65) 
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MacHardy (53) used several physical dimensions of combines to 


develop an empirical equation to compare their capacities. It takes 


the. form: 


where 

Y = tield capacity in long tons/hr 

W = cylinder width in inches 

B = body width in inches 

L = straw walker length in inches 

S = combined chaffer and sieve area in square inches. 
Specifications from 50 combines most likely to be found in operation on 
todays farms were used to classify these machines into six size groups 


according to MacHardy's formula. These groups are set out in Table 9. 


TABLE 9: GROUPING OF COMBINE CAPACITIES AND EXAMPLES OF EACH GROUP 


Group Capacity Example** 
short ton/hr* ibs/mint 
ik WSS) 260 JD730, NH995 
2 VEE 240 JDIOS bo LOee tHCO LS 
3 ate) LoS JD630, MF4Y10, IHC503 
a Dre 55 JD95, MF92, IHC4O3 
5 4.0 135 JD55, MF82, IHC303 
6 Deh 95 JD4S, MF72 





x SUOmGe CONG atl. LaLong s LOU 


(a, 
o 
| 


= John Deere, NH = New Holland, MF = Massey Ferguson, 
IHC = International Harvester. Co. 


+ = pounds per minute of straw and chaff, 





of Aepbigec 4c sleaonlh “Sper egh iniagsd Demy (¢¢). 
3G) «(3 S687 Wieck? “tz oa? een co hel nig Inaiy/ gee m 


2 
ee = 
r= Lf =) 4 ¥ g o 
hare * Situ * eeiy® <3 
a e4} 5 it ott ¥ . 
< 7 
, f Sirrk (@ — W 
eeroriionk diblw bed #8 
: & pc? Bi ( e <4) - . 
- : at 
*f- , ; ial y oe \ mrvy = ¢ : 


as VE.’ daaars n i4eoF ipage: _ 





‘anks ton’ atv oor aie vs. 
7 
; > genic 208 
. pale ony 2 eat 
= | : 
Ps won 
ay 7 7 
. ee 
— 


SOS08T. . Ova!) .0bea, | Berd sh; e- _ 
£0098). «8024 . Pet gis a | ‘ i 
ee ae a Die 18 


ee 





34 


Year-to-year variations in growing conditions result in variations 
of ne RENE ee weight ratios. Random grain/straw ratios between 0.6 
and 1.8 are used in the simulation models. This range does not include 
every possibility as uncommon ratios may occur outside this range. 

Combining rates (bu/hr) may be. calculated for each combine 
capacity size and grain/straw ratio (Table 10). 


TABLE 10: A REPRESENTATIVE SAMPLE OF COMBINING RATES IN BUSHELS PER 
HOUR FOR WHEAT. 


Capacity Grain/Straw Ratio 

lb/min se) 8) x UN PRS) jh) les 3) 
260 156 2013 4260 325 390 470 
240 145 133 240 300 360 430 
195 7 156 195 245 293 350 
155 93 14 95155 194 232 279 
135 81 108 35 169 203 244 
95 Did, 76 25 Blea) 142 70 


Daily combining rates are determined by multipling bushels per hour 


by the hours available for combining each day. 
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8. RESULTS. AND DISCUSSION 
8.1 Definition of.Terms 
Clarification of the terminology used in subsequent sections 
of this thesis is provided by the following definitions. 
TOTAL SDAY Si the number of days that were available for 
harvesting, including maturation days and 
bad days. 
MATURATION DAYS - the number of days that were required to 
mature standing or swathed grain at 35% moisture 
to either 25% or 14%. 
BAD DAYS = the number of days when combining was stopped 
due to unfavorable combining conditions. 
% COMPLETION - the number of years out of 100 years when the 
total acreage to be harvested was completed. 
BUSHELS LEFT - the total number of bushels left in the field 
because harvesting could not be completed. 
DRY BU. HARVESTED - the number of bushels harvested dry (<14%) 
MOIST BU. HARVESTED - the number of bushels harvested between 
14% - 25% moisture. 
GRAIN LOSS - the number of bushels attributed to natural 
and mechanical losses (see Section 7.8). 
COST OF DRYING - drying costs in dollars, calculated using 
Paves inesections /a/ al. 


COST OF CHEMICAL - cost in dollars, calculated using rates 
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8.2 Weather/Kernel Moisture Relationships 

As stated previously, input requirements for the simulation models 
are on a daily basis. Previous work done in the Department of 
Agricultural Engineering, University of Alberta, has followed the approach 
of determining favorable or unfavorable working days from weather 
observations and using these probability distributions of 'good' and 'bad! 
days to simulate a sequence of favorable and unfavorable working days (72). 
Since harvesting operations are dependent on grain moisture conditions, 
an attempt was made to use this criterion to determine working and non- 
working days. If a relationship between weather variables and moisture 
change in the grain kernel could be established, the estimation approach 
of good and bad days would not be needed. An attempt therefore was made 
in a preliminary study to establish such a relationship. 

Observations of moisture levels through grain maturation and 
harvesting periods has been made at Swift Current Research Station for 
9 years, (95 observations). This daily recorded drop or gain in grain 
kernel moisture content and the associated weather conditions were used 
to develop regression equations which would be capable of predicting 
moisture change when given certain weather variables. If this approach 
had been successful, these equations could have been used with observed 
weather records from the three areas in Alberta to establish drying 
trends for those areas. This is a procedure similar to that used by 
Baire and Robertson (4 ) for estimation of daily latent evaporation. 

Weather records available for the 3 areas concerned included 
maximum and minimum temperature, sunshine hours, wind velocities, 
precipitation and, either dewpoint temperatures or relative humidities. 


Missing relative humidity or dewpoint data and vapor pressure differences 
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were calculated using equations presented by Brooker (8). Day length 
and solar energy were calculated using a program written by Robertson 
and Russell (69). 
The following regression equations were calculated using a 
computer program (32), 
July sl6 “-sAusust 20 
vat = - .0176*VAL*SE-2, 884%( VA2**3 )*VPD+8.976*ALOG(VA2)-10.462*TMX 
+.296*R+3.723*S /DL-.189*SE+13.58*VA1L-10.482%(2*RA+.00001)+ 
10. 898*TDB+5.282*TR+104. 210 
Aueus GeZz0s— seprember 30 
Y2 = -42.670*X1-.6527*ALOG(RA+.00001)=3.941*DL+5. 22*RH+.00002* 
(Ww?) #VPD+2.. 324*TMX-193. 380°VPD-4. 373% TDP+99 .642*ALOG(WVPD) 
+42.986 
where: 
Yl and Y2 = change in kernel moisture content, in % 
VAl = ALOG(2*RA+.00001) 
VA2 = W*.01 
SE = solar energy in cal/em* 
VPD = vapor pressure deficit in mb 
TMX = maximum temperature in F 
RE = relative humidity 
S = sunshine hours in hours 
DL = day length in hours 
RA = precipitation in inches 
W Sena in mpd 
TDB = mean daily temperature in F 


af de tt . 4.) a8) 
TR =. temperature range in F 
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X1 = ALOG(W?) | 

TDP = dew point temperature in Te 
Equation Yl is based on 33 observations. The squared multiple correlation 
coefficient (R°) Me SW a: Equation Y2 is based on 62 observations. The ne 
iemeOl mer lhe Low R? Suggest that some important variables are missing from 
the regression. Weather variables alone do not account for all the 
Varration in kernel moisture change. It is possible that inclusion of 
such factors as soil moisture, swath density or grain stand density and 
Variety of grain might improve the equations fit. Another possibility is 
that daily measurements are not sufficiently frequent to provide a realis- 
tic picture of moisture changes. Preliminary simulation studies of 
hourly moisture change in wheat have been attempted by Brtiick (9 ) in 
Sweden with reasonable success. 

Although the accuracy of prediction of the regression equations was 
low for Swift Current, weather from the Alberta stations was used in the 
hope of at least obtaining mean drying rates. This would have allowed a 
comparison to be made of the drying rates for the three areas. However, 
the results were not meaningful and the entire approach had to be abandoned. 

A better understanding of the interrelationships associated with 
grain maturation and natural drying and much more complete data on the 
parameters coneerned are required before this approach may be success fully 


applied. 


~ acy) n1J45 ¥ 


7H LF 


,aevewoy ..2e 


sD thou® + ec 7 


Grin bigecoasa 
Ee @ ted atolanc 
of yen eo ye 61S, epi 


oe 








a9 
| qa > 99 


iP spare yea, &t ~ ‘weal a 1? 


- 
f 


y os oh FEB woes 


| oY auihes 


1 ie 
BGO ! 
| 
i> ' 
A heed . 
7 i { j =p @F eretaet oes 
: a 
gitiys Le: » aio. 26 eae 
revit r i ¢ ie. je i) ae 1) ey ut iat dade 
j ty 4 Ay extvygetem Se wartolg Oat = 
céiv «! eae boreal = 
a: apenas tlw aabeae 
o 
14 —abin one rgocds CA a 
= veiee eee 
cv : : Tansee oe wn - 
& thee of GT? aee . 
’ 
) Ist ating i wea erie 
1 Sie bed I iG iti: Gre tecind s j 
wie Mou . 4 god Detiiion te a Jegeiag 





hee egom ity Beers 
: 


7 ae 7 


39 
8.3 Simulations 

The.results of each simulated. 'harvesting season' are.stored by 
the GPSS/360 program and printed in tabular format upon termination of 
the erycricn run. An ey of such a table is shown in Appendix B. 
The GPSS program has an allotment for 30 such tables. Simulation of the 
four systems simultaneously restricted the quantity of data retrieved 
about each method. The data in Appendix C has been condensed from the 
statistical output of each simulation run. Each run was made using a 
different combine capacity and/or acreage. A total of 54 simulation 
runs were needed to account for the three locations, three farm sizes in 
each location and the six combine capacities for each farm size. 

The primary objective of this study was to develop simulation 
models of harvesting systems that accurately duplicate the functioning 
of the real systems. Determination of optimal combinations of sub- 
systems was not considered in this study because of the large number of 
alternative combinations involved and the lack of economic data relating 
to many harvesting operations. The capabilities of the simulation 
models in aiding management decisions will be demonstrated using a 
hypothetical farming situation. 

Figures 11 - 19 substantiate the logical assumptions 

ine that the capacity of the combine will effect percentage 

completion, 

De thats sizes of thesacreage willie ireerepercentave 

completion, 

3. that moist grain harvesting systems will be completed. 

before dry grain harvesting systems, and 

4, that the practise of swathing grain increases the chances 


of completion. 
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Figure 11. Computed harvest completion of 280 acres in Beaverlodge area. 
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Figure 12. Computed harvest completion of 450 acres in Beaverlodge area. 
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Figure 13. Computed harvest completion of 1000 acres in Beaverlodge area. 
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Figure 14. Computed harvest completion of 240 acres in Lacombe area. 
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Figure 15. Computed harvest completion of 420 acres in Lacombe area. 
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Figure 16. Computed harvest completion of 1000 acres in Lacombe area. 
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Figure 17. Computed harvest completion of 260 acres in Lethbridge area. 
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Figure 18. Computed harvest completion of 510 acres in Lethbridge area. 





mm 











Ps 
© 
| eee 
Wo 
_jO 
O95 
=O 
© 
OO 
i LETHBR]OGE 
Oo 800 ACRES 
ee © CSM 
oO 
= ASSSED 
uJ 4) SCM 
a, 
oO 
=) +—-—4 + te fp pp pt 
“75.00 100.00 125.00 150.00 175.00 200.00 225.00 250.00 ZS) 


COMBINE CAPACITY (LBS/MIN) 





Figure 19. Computed harvest completion of 800 acres in Lethbridge area. 
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Figure 20. Computed total harvest days of 280 acres in Beaverlodge area. 
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Figure 21. 
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Figure 22. 
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Computed total harvest days of 450 acres in Beaverlodge area. 
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Computed total harvest days of 1000 acres in Beaverlodge area. 


45 





= Fa 
10. O24 
re _ 
| » t 
: ay 
{ 
1 
y ; 
al - * - 





46 


LACOMBE 
240 ACRES 
CSM 
cso 
sco 
SCM 


i=) 
oO 
oO 
(va) 


- 20.00 


ep) 
— 
jeu 
oO 
— 
Ww 
uJ 
> 
a 
joa 
ae 
J 
a 
kK 
© 
tt 


10.00 


100.00 125.00 150.00 175.CO 200.00 225.0 250.00 
COMBINE CAPACITY (LBS/MIN) 





Figure 23. Computed total harvest days of 240 acres in Lacombe area. 
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Figure 24. Computed total harvest days of 420 acres in,Lacombe area. 
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Figure 25. Computed total harvest days of 1000 acres in Lacombe area. 
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Figure 26. Computed total harvest dasy of 260 acres in Lethbridge area. 
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Figure 27. 


Computed total harvest days of 510 acres in Lethbridge area. 
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Figure 28. Computed total harvest days of 800 acres in Lethbridge area. 





49 


Reasons for different completion percentages can be found in 
Figures 20 - 28 and Tables 11 - 18. Completion percentages are a function 
of combine capacity, acres to be harvested and time available for harvest- 
ing. The time required to harvest a given grain acreage decreases as 
combine capacity increases. For a given combine capacity, the time 
required to harvest increases as acreage increases. An increase in 
harvesting time required decreases the chances of completion. 

Table 11 shows the number of days that were required by each harvest 
system before combining could start in each area. Moist grain harvesting 
systems have an advantage. Drying rates for swathed grain have a 1% per 
day advantage over standing grain in the simulation. This shows up in 
the comparison of maturation days (Table 11). 

Tables 12, 13 and 14 show the number of bad days experienced by 
each system. ‘the dry grain harvesting systems are more vulnerable to 
unfavorable weather than the moist grain harvesting systems. The number 
of actual combining days (Tables 15, 16 & 17) varies with the capacity of 
the machine and the number of hours available for combining. The moist 
grain harvesting systems had a 3 hour per day advantage over the dry grain 
harvesting systems. 


TABLE 11: COMPUTED NUMBER OF MATURATION DAYS FOR THE THREE FARM LOCATIONS - 








* @ SCM 
Location Ne cuan SD nae Se een sz SD Mean SD 
Beaverlodge 4.8 3.0 oe 6 Wie ory) 6.3 4.7 
Lacombe 4.3 Paes) 7.4 Shae 9.6 u.5 aS) S55) 
Lethbridge . uk Zee eres 20 On2 Wea os 3y0 





* CSM - combine swath moist 
CSD - combine swath dry 
SCD - straight combine dry 
SCM - straight combine moist. 
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TABLE 12: COMPUTED NUMBER OF BAD DAYS FOR BEAVERLODGE AREA. 


Farm Size Capacity CSM CSD SCD SCM 
Cult. acres/yr. lb/min Mean SD Mean SD Mean SD Mean SD 
280 oie) oe Rl Dee) o./ eal. OAS yak A Abas) 
280 135 Ale Sis} tha a Siete) cial ais: eels) Bhar! 
280 155 MiG seas ama, 72 MAS, 3) Be SS) 7) SAD S Sees 
280 oS A Ate ye a oyil oe 2.8 sles) 3.2 oO 2S 
280 240 Bley kB (6) 5555) ibulh deg) Lees) She. gPRAlTS 
280 260 plsch csallS) »o4 1.4 thee 3.0 ae Es rao) 
450 a5 Pe lbs) (962 She) They’ 8.0 SA hey thst} 
450 135 ackeh lst! Mall Dee 4.9 Ono 707 eeeL. Go 
450 OD 5AM axel 320 4.6 Orel Vash SOS thai 
450 195 5 Ian Saal fe) 2.0 Soe / Le tl 4.6 Om 
450 240 any 67 ilies) Fath Phe) jel) =LO) dle ak 
450 260 18 67 dls Sik ee SiG (8) S20 
1000 95 Shep JLash Sat Gr Opies) Vad Pgh iat bese 
1000 AES) Ov se Vee Og S Siete Ge AAS Bima a 
1000 Alias) Shel hte) 7.44 est) oo.8) dpe AS oP este) 
1000 ihe) spr Mas) Dis 0) 6.0 ree 72.0 thse cust) 
1000 240 sie hos) 4.7 Segre) Garo West de 2 eet 





TABLE 13: COMPUTED NUMBER OF BAD DAYS FOR LACOMBE AREA. 
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Farm Size Capacity CSM CSD SCD SCM 
Cult. acres/yr. lb/min Mean SD Mean SD Mean SD Mean SD 
240 95 SG SEP Ae) VY ABE as Eee ae aah 
240 135 O77 Sd eS) eo 3.2 Pa ots 
240 LoD 08 PE SIV 2518) Bn) AN Si She 
240 LoD atasye TB) ve ees, 84 iLAns) 28 94 
240 240 ee eee she) Behe ibs!) 5 AO 70 
240 260 aS) ache al lsy | eS) IRS) ieee) es) 
420 oS 5 ty HO" 4.3 Oe Yo Molo seeisi lsat 
420 IES ol ES) so) Lele Soe) 3.0 Sesve PAB) 5 Hk 
420 iYS) 09 3 2meee co 4.4 Shas: 5.6 eye) als of 
420 195 2 Ome. OMe 2 ate) 20 4.4 tO 5 
420 240 Oe) 3S) 88 2.0 dbote) 4.6 209150 
420 260 els Omen! So ey clea Os] 2049583 
1000 eis) Ale. Pay U/l, Ne Ole On eee ele etl eO 
1000 eo Om est We” © vce Wine OMe ay 
1000 Asya) qi, the She Wyss) sicler  WHO)isy TGS US Leo) este 
1000 195 aS 44 5.7 Uae ee) INOS )e Sey. - abet, 
1000 240 5k) Se). Signs) Sie) 6.4 Gm SO pL ie 
1000 260 AOMP estahis} <Ghes 12 Gi pero 2s US® ae) ks 
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TABLE 14: COMPUTED NUMBER OF BAD DAYS FOR LETHBRIDGE AREA. 


Farm Size Capacity CSM CSD SCD 
Cult. .acres/yr. 1b /min Mean SD Mean SD Mean 
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510 ABS)S) alk Orr, Tg ail 2o0 oO 
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TABLE 15: EXAMPLE OF COMPUTED NUMBER OF ACTUAL HARVEST DAYS FOR 
BEAVERLODGE. AREA. . 





Combine © 280 Acres 450 Acres 1000 Acres 

Capacity CSM CsD CSM CSD CSM CSD 
oo URS Siw Jia) Tos 0 25.4 Zoe 
135 1) 4.5 8.3 10-2 ifcimal bby eS) 
E55 4.6 ae f/ Biv Bian ITe26 ILI SIE 
195 oa) 4.6 Syne) 7.4 UV aR a 14.0 
240 wel 309 4.6 5.6 ee Lp) 
260 226 3.4 Ly Sn ae ee Slee 11.4 


TABLE 16: EXAMPLE OF COMPUTED NUMBER OF ACTUAL HARVEST DAYS FOR 
LACOMBE AREA. 


Combine 240 Acres 420 Acres 1000 Acres 

Capacity CSM CSD CSM CSD CSM CSD 
95 TERS Ns a Lb 17.4 34.1 30.4 
135 5.5 6.4 OG 1059 24.8 2053 
55 Ld, So Card Me 21.4 22-8 
15 She Ui S10 6.8 UES 16.3 3%. 6 
240 320 3.3 SERS) 6.4 2c, 14.6 
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TABLE 17:. EXAMPLE OF COMPUTED NUMBER OF ACTUAL HARVEST DAYS FOR 
LETHBRIDGE AREA. 








Combine 260 Acres 510 Acres 800 Acres 

Capacity CSM CSD CSM CSD CSM CSD 
95 Bi That ZO Med f8) 1330 PDAS) 
235 4,4 Do | BZ 9.6 Toe 13.6 
aise he 4.6 Theos) 8.6 L079 eo) 
ISK) Shri) 4.2 5.6 Ba) Sh) bess) 
240 Ded Sige) 4,3 5.4 ie See 
260 NS) ciel 4.0 O60 Lops TAS 


- The. summation of maturation days, bad days and actual combining 
days resulted in total harvesting days (Figures 19 - 28). Most of the 
difference in total days between systems is due to the variation in 
Maturation days. The effects of bad days on total harvesting days 
decreased as combine capacity increased. This is indicated by the 
greater slopes of the curves in Figures 19 - 28 at the smaller capacity 
levels. 

Output from the simulation models also includes the accumulated 
quantity of grain that was not combined over the 100 harvest seasons and 
the amount of grain lost due to natural and mechanical causes. These 
figures could provide a penalty factor for an economic evaluation of the 
alternative harvesting systems. Grain loss, as calculated by the models, 
represents 2 - 3% of the average grain yield. 

The quantity of grain that reached storage was recorded under dry 


and moist grain harvested. The moist grain harvesting systems produced 
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more grain than the dry grain harvesting systems because of better 
completion percentages and lower grain losses. It was observed that the 
quantity of moist grain harvested increased as combine capacity 

increased. The staan for this is that the models were programmed to 

start combining operations as soon as the required grain moisture conditions 
were reached, regardless of how early in the season this occured. As a 
result, the larger capacity combines harvested more grain during the time 
the grain moisture was dropping from 25% to 14% than the smaller combines. 
This decision also resulted in higher drying and chemical costs for 
treatment of the moist grain. 

From these results, moist grain harvesting systems do not appear 
to be competitive with dry grain harvesting systems when the chances for 
completion are similar for both systems. An advantage in favor of moist 
grain handling systems may appear where acreages are large enough to 
effect chances of completion, or where the opportunity costs of a longer 
harvest period outweigh the costs of treating moist grain. 

8.4 Application of the Simulation Models. 

Simulation techniques are not especially suited for determination of 
optimum combination of input variables but the results of simulation 
should provide the basic information needed for economic evaluation of 
certain management decisions. A hypothetical farm in the Beaverlodge area 
WessuUsed toe test the Validity (of thisspremise. ) the yearly cropped acreage 
of the farm in question is assumed to have increased to 1000 acres and 
there is concern whether the present combine is sufficiently large to 
one this increase. Approximately 10,000 bushels of grain are used. for 
feed each winter. The farm operator has been considering moist grain 


systems as an alternative to increasing combine size. He estimates 
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that non-completion of harvest penalizes him 30% of the yield plus 
$1000 for the lost opportunity to carry out field work which requires 
seven. days. 

The. various alternative farming decisions tested using the — 
simulation model were: 

1. retain combine capacity at 155 lb/min or increase it 
to 240° 1b/min, 

2. accept moist grain as soon as it can be satisfactorily 
threshed (25%) or wait until after October 5 before 
accepting moist gvain. 

3. either zero, 7 or 14 days for fall work requirement, 

i -aeeaecnolce Of drying moist eraim atea Cost of 9¢/bu/% 
drop or using chilled storage to hold grain at a cost 
of .75¢/bu over winter. 

The results of the 24 combinations are shown in Tables 18, 19 and 
20. The figures presented in these tables do not constitute a detailed 
dollar budget for each alternative but do indicate a general economic 
comparison. The best harvesting system for the hypothetical situation 
appears to be an increase in combine capacity, straight combining of the 
moist grain as soon as possible and using the chilled storage method to 
Hold this grainguntiteit ispfed Glablewl9)* elt scarcescapital mules #out 
an increase in combine size, the next best solution is to combine swathed 
grain moist as soon as possible and then chill the grain. 

If this farmer did not have an outlet for his moist grain, the best 
alternative is an increase in combine capacity and combining the swath 
dry. However, if the smaller combine were retained, combining the swath 


moist and drying the grain is the best solution. This difference probably 
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is a. result of higher completion rates. for the moist grain harvesting 
systems. 

Another statistic that is relevant is completion percentages. 

The reliability of a particular system might influence its acceptance 
with another system over the long run. There would be less year-to-year 
variation of returns from the more reliable system. 

The decision to accept moist grain only after October 5th lowers the 
drying and chilling costs but the completion percentage is also reduced 
sufficiently to nullify this effect. The short harvesting seasons in 
northern Alberta necessitates combining as soon as possible. This 
decision rule might produce significant results for farms located in 
Central or southern “Alberta. 

From the example and the other simulation results, it appears that 
the cost of grain treatment and storage greatly effects the economic 
feasibility of each system. The benefits of higher completion percentages 
and greater total bushels harvested common to the moist grain harvesting 
systems can easily be destroyed by high grain treatment or storage costs. 
In the example, the relatively high cost of drying penalized some of the 
moist grain systems enough to reduce their acceptance. However, if these 
costs can be kept low, moist grain harvesting systems will have the 
advantage over dry systems. 

Final evaluation of alternative harvesting systems must be made 
while considering the total farm operation. A more oases treatment in 
one area might produce great savings in another area. Airtight storage 
might provide such an example. The higher cost of storage could possibly 
be offset by savings in time and cost of handling. 


Again, it must be emphasized that the values presented in Tables 
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18, 19 and 20 are average, results determined from 100 yearly 
observations. Deviation from these values can be expected and should 
be considered before actual implementation of any of the mentioned 
harvesting systems. Standard deviations are available for the models 
but have not been presented. 

The small differences in average net return among the 4 systems 
suggests that no particular system has any great economic advantage over 
a large number of years. The reliability and success of each harvest 
SVocem Canebes determined by cbservying the wecarly deviations, of net 
returns from the average. Systems with large deviations indicate some 
unreliability as to guaranteeing harvesting completion and consequently 
revenues. This fact may become of major importance where farm 


management requires a stable yearly income to continue operating. 
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Se CONCLUSLONS 

The main objective of this study was to develop harvesting system 
models that could be used for simulation purposes. These models 
required sufficient flexibility to handle various combinations of farm 
location, farm size and combine capacity plus the unpredictable 
influences of growing conditions on grain production and of weather on 
combining operations. A total of 54 combinations experienced 100 
harvesting seasons in the simulations generated. 

The results of the simulations substantiated, with values, the 
logical assumptions that the capacity of the combine and the acreage 
harvested effects harvest completion percentages and that moist grain 
harvesting systems would be completed before dry grain harvesting 
systems. 

The results from the application example indicate that the cost of 
grain treatment and storage greatly effects the economic feasibility 
of each system. An advantage in favor of moist grain handling systems 
May appear where acreages are large enough to effect chances of 
completion, or where the opportunity costs of a longer harvest period 
outweigh the cost of treating moist grain. Systems with large deViations 
indicate some unreliability as to guaranteeing harvest completion and 
consequently revenues. 

The successful use of simulation techniques to solve agricultural 
harvesting problems is limited by a shortage of information ee nie 
to certain areas. The influence of weather variations on plant 
production and maturation and machine operations is one such area. The 
performance of combines in threshing grains with moisture contents 


greater than 15% is also needed. 
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